Objective-To evaluate the pathway of leaded dust from a lead-zinc-copper mine to houses of employees, and the impact on blood lead concentrations (PbB) of children. Methods-High precision lead isotope and lead concentration data were obtained on venous blood and environmental samples (vacuum cleaner dust, interior dustfall accumulation, water, paint) for eight children of six employees (and the employees) from a lead-zinc-copper mine. These data were compared with results for 11 children from occupationally unexposed control families living in the same city. Results-The median (range) concentrations of lead in vacuum cleaner dust was 470 (21-1300) ppm. In the houses of the mine employees, vacuum cleaner dust contained varying higher proportions of mine lead than did airborne particulate matter measured as dustfall accumulated over a three month period. The median (range) concentrations of lead in soil were 30 (5-407) ppm and these showed no evidence of any mine lead. Lead in blood of the mine employees varied from 7 to 25 yg/dl and was generally dominated by mine lead (> 60%). The mean (SD) PbB in the children of the mine employees was 5 7 (1-7) ugdl compared with 4-1
Objective-To evaluate the pathway of leaded dust from a lead-zinc-copper mine to houses of employees, and the impact on blood lead concentrations (PbB) of children. Methods-High precision lead isotope and lead concentration data were obtained on venous blood and environmental samples (vacuum cleaner dust, interior dustfall accumulation, water, paint) for eight children of six employees (and the employees) from a lead-zinc-copper mine. These data were compared with results for 11 children from occupationally unexposed control families living in the same city. Results-The median (range) concentrations of lead in vacuum cleaner dust was 470 (21-1300) ppm. In the houses of the mine employees, vacuum cleaner dust contained varying higher proportions of mine lead than did airborne particulate matter measured as dustfall accumulated over a three month period. The median (range) concentrations of lead in soil were 30 ppm and these showed no evidence of any mine lead. Lead in blood of the mine employees varied from 7 to 25 yg/dl and was generally dominated by mine lead (> 60%). The mean (SD) PbB in the children of the mine employees was 5 7 (1-7) ugdl compared with 4-1 (1.4) ugldl for the control children (P = 0 02). The PbB of all children was always < 10 iugldl, the Australian National Health and Medical Research Council goal for all Australians. Some of the control children had higher PbB than the children of mine employees, probably from exposure to leaded paint as six of the eight houses of the control children were > 50 years old. In five of the eight children of mine employees > 20% of PbB was from the lead mine. However, in the other three cases of children of mine employees, their PbB was from sources other than mine lead (paint, petrol, background sources). Conclusions-Houses of employees from a lead mine can be contaminated by mine lead even if they are not situated in the same place as the mine. Delineation of the mine to house pathway indicates that lead is probably transported into the houses on the clothes, shoes, hair, skin, and in some cases, motor vehicles of the workers. In one case, dust shaken from clothes of a mine employee contained 3000 ppm lead which was 100% mine lead. The variable contamination of the houses was not expected given the precautions taken by mine employees to minimise transportation oflead into their houses. Although five out of the eight children ofmine employees had > 20% mine lead in their blood, in no case did the PbB of a child exceed the Australian National Health and Medical Research Council goal of 10 ug/dI. In fact, some children in the control families had higher PbB than children of mine employees. In two cases, this was attributed to a pica habit for paint. The PbB in the children of mine employees and controls was independent of the source of lead. The low PbB in the children of mine employees may reflect the relatively low solubility (bioavailability) of the mine dust in 041 M hydrochloric acid (< 40%), behaviour-for example, limited mouthing activity-or diet.
(Occup Environ Med 1997;54:1 17-124) Keywords: lead; mine; blood; adults; children Toxic materials, such as lead, taken home from a parent's place of work is a primary pathway which can result in contamination of the household and possibly increased blood lead concentration (PbB) in children.' "' In the current study, mine employees lived in a rural town of 23 000 inhabitants located about 40 km from the (Woodlawn) mine.
The Woodlawn mine was discovered in the late 1960s and its main ore minerals are pyrite (FeS,), sphalerite (ZnS), galena (PbS), and chalcopyrite (CuFeS,). In the year ending June 1995, 0 59 million tonnes of ore were mined that contained on average 1-5% Cu, 3 7% Pb, and 10 9% Zn." The ore was originally dug from an open pit but is now mined underground. Dust containing lead is generated during all the operations of ore extraction both in the open pit and underground. The ore is pretreated in situ (grinding and concentration) and this generates additional amounts of fine grained dust containing lead as well as the fine material in the tailings dam, the residue after removal of the bulk of the sulphides.
Previous attempts to establish sources and pathways of lead in blood used indirect means of correlations between PbB and environmental variables. A more direct evaluation can be made with high precision lead isotope measurements such as those carried out in the Broken Hill lead mining community'2 13 where the main tions, and if present, whether the contamination influenced the blood lead concentrations of the individual family members, especially children.
Methods

SUBJECTS AND EXPOSURE
The study was conducted on two main groups. The first was the mine group, which comprised six employees from the mine and their families. The employees were from the mill and workshop areas and also underground workers. Their houses were built after 1970, the approximate time at which lead was removed from domestic paint in Australia. One of the mine families (family 1) moved soon after the beginning of our study from a newer to an older house with lead paint.
The second group comprised eight families who had no contact with the mine or its employees. This group was the control or background group, even though six families lived in old houses with lead paint. One child from family 4 was monitored because of the concern over her pica habit (putting fingers and objects in the mouth) for paint. The family moved three months before the beginning of our study, from one old house with lead paint to another old house with lead paint. potential source of lead, the ore body, is more obvious.
All the workers in this study insisted that they took every precaution to limit the amount of lead brought home-such as showering at the mine, wearing street clothes before and after work, taking work clothes to a commercial laundry or to their home in a sealed plastic bag, and in some cases, going to work by company bus. The aims of this study were to find whether contamination of the houses was still possible under these apparently stringent condi-SAMPLING Figure 1 shows the location of the sampled houses and table 1 shows personal details. For the mine families, venous blood samples from all family members, when possible, and environmental samples were collected and analysed. For four control families, vacuum cleaner dusts and blood samples from the children were collected and analysed. Only blood samples were analysed from the other four control families.
In the cases in which families changed houses during the course of this study, environmental samples were collected from both dwellings (families 1, 4, and 6).
Sampling was carried out with previously established protocols.'2 13 control. Before the digestion of 30-60 mg sample in a 1:1 mixture of ultrapure 7 M HC1 and 7 M HNO3 for two hours, a 46% pure 202Pb solution (spike) of known isotopic composition and lead concentration was added to the unknown sample to enable the lead concentration to be measured at the same time as the isotopic composition. Lead was separated by anion exchange chromatography in the form of a bromide and then further purified by anodic electrodeposition. '5 Petri dish dust Except for two families, the petri dish dusts from the two rooms were combined after acid extraction. The petri dish and lid were covered by a thin film of 7 M HNO3 for about 15 minutes. The solution was transferred into a teflon beaker, '02Pb spike was added and evaporated to dryness. Lead was separated by anion exchange chromatography in the form of a bromide.
Water About 50 ml water with a 202Pb spike was evaporated under a clean nitrogen flow and lead in the form of a bromide was separated by anion exchange chromatography.
Blood About 2 g blood sample with a 202Pb spike was digested in 16 M HNO3 on a hot plate in a sealed teflon beaker. After digestion, the sample was evaporated under a clean nitrogen flow and lead in the form of a bromide was separated by anion exchange chromatography.
The purified lead was loaded onto a single rhenium-filament with the well established silica gel technique and analysed for lead isotopic compositions and lead concentrations on a solid source thermal ionisation mass spectrometer (VG ISOMASS 54E) run in fully automatic mode. Isotopic ratios measured were 208Pb/206Pb, 207Pb/206Pb, and 206Pb/204Pb. Data have been normalised to the accepted values of the international standard National Bureau of Standards SRM 981, by applying a correction factor of +0-08% per unit mass. Precision estimates, based on over 1800 analyses of international standards and replicate analyses of natural samples are 0-1% (2a) for the 206Pb/204Pb ratio and 0-05% for the 208Pb/206Pb and 207Pb/206Pb ratios. Total blank contamination was around 100 pg for blood and water samples and 800 pg for soil and dust samples. As the blanks contributed a negligible amount to the lead in the sample, no blank corrections to the data have been made.
LEAD ISOTOPE METHOD
The lead isotope technique makes use of the four isotopes of lead. Three are the stable end products of radioactive decay of uranium and thorium: 238U to 206Pb, 235U to 207Pb, and 232Th to 208Pb. The fourth, 204Pb, is not a product of radioactive decay and its abundance has been essentially constant since the earth formed. This isotope is commonly used as a reference isotope. Because three isotopes of lead are pro- (16-88-17-43) . The variability in isotopic ratios is probably related to diet as this is a significant contributor to PbB at concentrations of < 5 ,ug/dl. Mean PbB of the samples are also reported. The 17 1-17 2 ratio has the second lowest PbB and is the one that more closely approximates to the requirements of a background population.
ENVIRONMENTAL SAMPLES
Soils
The median (range) lead concentration for soils from the houses of the mine employees was 30 (5-407) ppm. Soils with the lowest lead concentration, from family 3, were considered to be a minimal source of PbB because of their very low lead concentrations (5-7 ppm) and their location in a rural area. The data for soil samples were aligned between petrol lead and natural soil lead (fig 3) indicating a contribution from both sources. This hypothesis that two components were mixed is supported by the good correlation of R = 0-92 for the soil data on a plot of 206Pb/204Pb v 1/Pb plot (not shown).
However, in houses with exterior or interior lead paint (back yard soil of family 1 (second house) and front yard soil of family 4), the presence of particles of lead paint in the soils around the houses was suspected on the basis of isotopic ratios and lead concentrations. Rare paint flakes were confirmed by microscopical inspection of the samples.
There was no evidence in the isotopic composition of the town soils to indicate any long distance airborne transport of leaded dust from the mine, or leaded dust inadvertently deposited on to soils by employees from their clothes and vehicles.
Vacuum cleaner dusts Figure 4 shows that the vacuum cleaner dusts from the houses of mine employees had a median (range) lead concentration of 470 (21-1300) ppm. Isotopic ratios of these vacuum cleaner dusts showed that from 40% to 100% are mine lead (table 2). The results for vacuum dusts collected with the homeowners' own cleaners showed higher contributions of mine lead, especially in the cases where the owners had vacuumed their vehicles, which were often driven to the mine (family 5).
The isotopic ratios of 208Pb/206Pb v 207Pb/ 206Pb for the vacuum cleaner dusts were aligned between petrol lead and mine lead ( fig  3) . There seems to be little or no lead from the soils to the vacuum cleaner dust. The relatively high lead concentrations and low 206Pb/204Pb ratios in the vacuum cleaner dust of family 1 (a mine family) could be related to fragments of lead paint; 206Pb/204Pb ratios in the analysed paints ranged from 1 6- (table 2) . However, the petri dish dusts showed a preferential accumulation of petrol lead compared with the vacuum cleaner dusts from the same houses indicated by the higher 208Pb/206Pb ratios in the petri dish dusts. The larger petrol contribution in the petri dish dusts is possibly related to the finer grain size and lower density of the petrol lead compounds compared with galena from the mine.
The dust shaken from the clothing of one workshop employee had an isotopic composition characteristic of the mine lead and a lead concentration of 3000 ppm. (1) (2) (3) (4) (5) (6) (7) (8) ,g/dl (P = 0-02) for the children of mine employees. None of the children in this study had concentrations of PbB > 10 ug/dl, the Australian National Health and Medical Research Council goal for all Australians. 22 For five of the eight children of mine employees, between 21% and 50% of PbB was from mine lead ( fig 5, table 3 ). In this group of five children, the highest proportion of mine lead (about 50%) and the highest PbB (> 6-3 yg/dl) were found in the two children of family 5. Dust from their vacuum cleaner had the highest proportion of mine lead (94%) and the highest concentrations of lead (1300 ppm).
Solubility of mine dust
The other three children of mine employees (families 1, 2, and 3, table 3) had a minimal proportion of mine lead in their blood and yet two of the three had the highest PbB of any children. Hence, there was no systematic relation between PbB and percentage of mine lead.
Three of the children in the control families had higher PbB concentrations than children of the mine employees. The PbB in the child from family 4 was 8-9 ug/dl and was attributed to a pica habit for paint.
Blood samples in the mine employees The fathers employed at the Woodlawn mine all had high proportions of lead from the mine in their blood samples, ranging from 47% to 86% ( fig 5) . The employee with the smallest percentage of mine lead in the blood had the lowest PbB (67 yug/dl) among the mine employees. The largest proportion of 86% was for the man in family 5 whose family home showed the highest degree of contamination of mine lead and his children had the highest percentage of mine lead in their PbB.
Although based on limited data, a positive correlation (R = 0-91) was found between PbB and an increased ratio of 206Pb/204Pb in the blood samples of mine employees and their children (not shown). The line of best fit to the data for the blood samples of mine employees and their children intercepted the isotopic ratio axis at a value of 18-06, the same as the mine lead ( fig 5) . This is strong evidence that the source of increased PbB in these people is related to the mine lead introduced to their houses. However, for three children of mine employees the PbB came from other sources such as petrol and background lead and there was no contribution from mine lead. This finding reinforces the concern that generalisations in attributing lead sources to the PbB of community members can be misleading and that each case has to be assessed individually.
In summary, this study has shown that houses of employees from a lead mine can be variably contaminated by mine lead even if they are not situated in the same place as the mine. This indicates that lead is probably transported into the houses on the clothes, Figure 6 shows the frequency of blood sampling of the background children with°Pb01P 4Pb ratios in a fixed range. The chosen interval was of 0 1 units. The frequency distribution displays a peak (n = 4) corresponding to the ""Pb/2 Pb isotopic interval 17 1-17 2 and frequency values decreasing on both sides of this. The four samples in this range give an mean (SD) isotopic ratio of 17 16 (0 03). The PbB increases on both sides of the minimum value and corresponds to the isotopic composition 17-0-17-1. The highest frequency unit ( "6Pb/ Pb ratios in the range 17-1-17 2) has the second lowest PbB (306 (1 5) pg/dl), which is reasonably close to the lowest PbB value of the adjacent unit (3 0 jig/dl based on only one sample). Hence, the 17-1-17-2 unit is the one which better satisfies simultaneously the two requirements of the background isotopic compositions and the background PbB. With the average isotopic ratio of this unit (206Pb/14Pb = 17 16) as a background value, we have calculated the background PbB of the samples with higher "I Pb Pb ratios assuming that their isotopic shifts are uniquely due to contamination with Woodlawn mine lead (206Pb/204Pb = 18-1). We have obtained a mean (SD) PbB of 3 8 (1-6) /ig/dl which is in good agreement with the mean PbB of the four samples that define the background group (3-6 (1 5) pg/dl). This supports the choice that we made of the background isotopic ratios and PbB. A similar recalculated background PbB was also obtained for samples with isotopic compositions shifted in the direction of the petrol lead, which was assumed to be a source of contamination.
